Background: In non-ST-segment elevation acute coronary syndrome (ACS), the likelihood of adverse events should be estimated. Guidelines recommend risk stratification models for that purpose. The Dante Pazzanese risk score (DANTE score) is a simple risk stratification model composed with the following variables: age increase (0 to 9 points); history of diabetes mellitus (2 points) or stroke (4 points); no use of angiotensin-converting-enzyme inhibitor (1 point); creatinine elevation (0 to 10 points); combination of troponin elevation and ST-segment depression (0 to 4 points).
Introduction
Cardiovascular diseases are an important cause of death worldwide. They usually represent the main cause of death not only in developed but also in developing countries 1 . Because of the heterogeneous nature of patients with non-ST-segment elevation acute coronary syndrome (ACS), such as unstable angina or acute myocardial infarction (AMI), the risk of death or recurrent ischemic events varies [2] [3] [4] [5] [6] [7] . Determining the risk of those adverse events is important to define the ideal place for medical care provision, and to identify patients who might benefit from a more effective, expensive and often risky management 2 .
Currently, the risk stratification for that population involves independent prognostic variables and risk stratification models recommended by national and international guidelines [8] [9] [10] .
The Dante Pazzanese score for risk stratification 11 (DANTE score) has shown a good ability (C-statistics, 0.74) to assess the likelihood of the composite endpoint of death or (re)infarction in up to 30 days in the population it was developed, incorporating the following variables easily collected in daily medical practice: age; history of diabetes mellitus or stroke; no use of angiotensin-converting-enzyme inhibitor prior to hospitalization; ST-segment depression ≥ 0.5 mm on electrocardiogram at admission; cardiac troponin level elevation; and creatinine level elevation ( Figure 1 ). It is a simple risk stratification model developed in a Brazilian population with non-ST-segment elevation ACS, which is easily performed and has a high predictive value for cardiovascular events.
This study aimed to perform the external validation of the DANTE risk score in patients with non-ST-segment elevation ACS.
Methods

Study population
This was a prospective study with consecutive inclusion of patients with non-ST-segment elevation ACS, admitted to the DANTE score validation 
Clinical outcomes
During hospitalization, the patients were followed up with medical visits at the emergency unit, the coronary unit or at the ward, and later, after hospital discharge, through telephone contact, to assess the incidence of death or (re)infarction in up to 30 days.
Within the first 24 hours after admission, patients were considered to experience the outcome of (re)infarction if they had ischemic symptoms with persistent ST-segment elevation greater than 0.1 mV on at least two contiguous leads, which were not present on admission. During that period, the elevation of CK-MB or cardiac troponin I levels with no ST-segment elevation was considered to be related to the event of admission. (PCI) or coronary artery bypass graft surgery required a CK-MB level elevation greater than three or five times the normal limit, respectively, after the procedure 12 to be diagnosed with procedure-related infarction.
DANTE score calculation
Basal, laboratory and EKG characteristics were recorded on hospital admission and during hospitalization. DANTE score was calculated for each patient according to the specific prognostic variables of the original model, being the risk categories as follows: very low (up to 5 points); low (6 to 10 points); intermediate (11 to 15 points); and high (16 to 30 points).
Statistical analysis
The quantitative variables were presented as means, percentiles (25 th percentile and 75 th percentile), medians and standard deviations (SD). Qualitative variables were expressed as absolute frequencies or percentages. Pearson chi-square test or Fisher exact test was used to compare qualitative variables, and the non-parametric Mann-Whitney test to compare quantitative variables between the original model 11 and validation populations.
The DANTE score discriminatory capacity was analyzed by determining the area under the receiver operating characteristic curve (ROC) 13 , represented by C-statistics 14 .
Results
Baseline characteristics
This study population consisted of 457 patients with non-ST-segment elevation ACS, of whom, 169 (37%) had non-ST-segment elevation AMI and 288 (63%) had unstable angina. Their mean age was 62.1 years (SD = 11.04), and 291 (63.7%) were of the male sex. The most frequent risk factor was systemic arterial hypertension (85.3%), followed by dyslipidemia (75.9%). Almost half of the patients (49.5%) had already undergone a myocardial revascularization procedure. Table 1 shows the baseline characteristics of the population studied.
Treatment and outcome
Similarly to the population of the original model development 11 , patients in the validation population were treated with beta-blockers (94.7%), acetylsalicylic acid (98.7%), thrombin inhibitors (96.3%), thienopyridine derivatives (96.3%), angiotensin-converting-enzyme inhibitors (78.3%), and statin (95.8%).
Percutaneous coronary intervention was indicated to 107 patients (23.4%), and coronary artery bypass graft surgery, to 51 (11.2%).
During hospitalization, 11 patients died (2.4%) and 5 (1.1%) had (re)infarction.
The composite endpoint of death or (re)infarction in 30 days was observed in 17 patients (3.7%), corresponding to the DANTE score event. The (re)infarctions observed were related to the following: PCI in two; coronary artery bypass graft surgery in two; and clinical treatment in one. Table 1 shows the differences between the original model and validation populations.
DANTE risk score calculation
The DANTE risk score was calculated for each patient according to the specific score of each variable of the original model (Figure 1 ). The distribution of the risk categories was as follows: very low (178 patients, 38.9%); low (228 patients, 49.9%); intermediate (46 patients, 10.0%); and high (5 patients, 1.1%).
A progressive increase in the proportion of the DANTE score specific event was observed with the gradual increase in scoring as follows: very low risk, 0.0%; low, 3.9% (9 patients); intermediate, 10.9% (5 patients); high risk, 60.0% (3 patients) (Chart 1). Similarly, the mean final DANTE score was significantly higher in patients having the event, as follows: for patients without the event, the mean DANTE score was 6.2 (SD=2.9), and the median, 6.0 (25th percentile = 4.0; 75th percentile = 8.0); for patients with the event, the mean DANTE score was 11.5 (SD=3.4), and the median, 
Discussion
Up to the 1990s, assessing the risk of adverse events in ACS meant almost exclusively assessing the presence of left ventricular dysfunction or residual ischemia in patients with an episode of AMI 15 . In 1994, Braunwald et al 4 , for the first time, considered risk stratification for patients with non-ST-segment elevation ACS 4, 16 . In 2000, in the North American guidelines, that strategy began to be considered a level I recommendation 17 , being maintained in the 2007 guidelines 10 . Currently, risk stratification is part of medical management already on the first physician-patient contact at the emergency unit.
Risk stratification is important to the initial screening at the emergency unit, this being considered the major role of emergency services, for both the safer discharge of patients and prompter admission of those at high risk for medical management. Its objective is to determine the prognosis of each patient, planning the course of treatment and providing information to patients and their families 18 . It should be initiated on admission and updated during hospitalization, so that certain medical managements could be adopted in the short run. On admission, the adoption of more intensive measures, such as an aggressive medical treatment or an early invasive strategy, should be based on risk stratification for the occurrence of adverse events. Thus, the focus is to assess the likelihood of adverse events, especially death or (re)infarction, in an increasingly simple and objective manner, analyzing the clinical history, physical exam, EKG, and myocardial necrosis markers. In the report of the American College of Cardiology and American Heart Association Task Force on practice guidelines, the models of risk stratification are considered as level IIa recommendation 10 . Different risk stratification models have been developed by using randomized clinical trial populations 2,19 that were not primarily selected for the elaboration of a risk score. Thus, the generalization of those models in real world could be questioned. In addition, in clinical trials, the exclusion of patients without ischemic changes on EKG or without an elevation in myocardial necrosis markers is usual. This could originate a true selection bias, because the inclusion of certain EKG changes, as well as of myocardial necrosis markers, would be "pressed" to remain in the final model.
When choosing the clinical outcomes analyzed, heterogeneity is considered another important fact; while in some models, all-cause mortality was assessed 20, 21 , others included death or (re)infarction 19 , or associated outcomes whose definition in literature showed no consistency and that are influenced by local medical practices, such as urgent myocardial revascularization due to recurring ischemia 2 .
In Brazil, the risk stratification of patients with non-STsegment elevation ACS is based on risk scores developed in populations demographically different from the Brazilian one. Because of the large number of patients with that heterogeneous syndrome in Brazil, the development of a model in a typically Brazilian population is recommended.
With data obtained from clinical history, physical exam, EKG and myocardial necrosis markers, routinely collected at the emergency unit, the DANTE score 11 provides risk stratification by applying a model developed in a population demographically similar to the Brazilian one. In the population in which the original model of the DANTE score was developed, it showed to be a good predictor of the adverse events of death or (re)infarction in 30 days, represented by a C-statistics of 0.74 11 . However, when assessing model performance, its analysis in an independent population was not included. Thus, our study provides the first external validation of the DANTE score.
The patients of the validation population, similarly to those of the population of the original model development, were intensely medicated with betablockers, acetylsalicylic acid, thrombin inhibitors, angiotensin-converting-enzyme inhibitors, and statin. However, the use of clopidogrel was significantly higher in the validation population (p < 0.0001), while that of nitroglycerin was significantly lower (p < 0.0001).
Performing coronary angiography did not significantly differ as compared with the population of the original model development (70.0% versus 71.5%; p = 0.553), although the study population had a higher risk, evidenced by a larger number of patients with risk factors for coronary artery disease (systemic arterial hypertension or dyslipidemia) and greater occurrence of coronary artery disease ≥ 50% or myocardial revascularization procedures prior to hospitalization. Similarly, a larger number of patients showed an elevation in myocardial necrosis markers (37.0% in the validation population versus 29.6% in the population of the original model development; p = 0.005).
In-hospital mortality was considerably low (2.4%), confirming previous reports 22 , and did not differ from that of the population of the original model development (p = 0.657). The combined outcome of death or (re) infarction in 30 days (outcome of the DANTE score) was 4.0% for the validation population versus 5.3% for the population of the original model development 11 , no significant difference (p = 0.2).
With a summed score for the variables of the DANTE score for each patient, an increase in the risk of adverse events was observed with the gradual increase in the final score, representing, thus, the external validation of the DANTE score. By use of a nomogram, the likelihood of the occurrence of death or (re)infarction in 30 days is obtained.
The DANTE score showed an excellent performance to assess the prognosis of that independent population, reflected in the C-statistics of 0.87, justifying once more its applicability, even in a population at higher risk.
A model including a Brazilian population in its elaboration is believed to play a better role in the prognostic assessment of that population. However, as any model of risk stratification, it should be reassessed in the long run to analyze the existing variables and to incorporate new ones.
Limitations
In this study of external validation, the joint analysis of risk stratification models recommended by current guidelines, such as Braunwald's risk stratification 16 , TIMI 2 and GRACE 20, 21 risk scores, was not performed. It is worth noting that future studies should perform the joint validation of those models and the DANTE score, especially assessing the database of multicenter Brazilian registries 23 .
Conclusion
The DANTE risk score showed to be an excellent predictor of the occurrence of death or (re)infarction in 30 days, regardless of the population of the original model
